DISTRIBUTED FEEDBACK TYPE SEMICONDUCTOR LASER DEVICE AND METHOD 
OF MANUFACTURING THE SAME 
BACKGROUND OF THE INVENTIO N 
1 . FIELD OF THE INVENTION 

The present invention relates to a method of manufacturing 
Distributed FeedBack (hereinafter abbreviated as "DFB") type 
semiconductor laser devices and to a DFB type semiconductor 
laser device . 
2 . RELATED ART 

DFB type semiconductor laser devices are well-known as 
devices for use with light communications systems such as light 
CATV, shortwave lasers making use of SHG (Second Harmonic 
Generation) devices, pump light sources for small-sized 
solid-state lasers, light measurement arts or the like. 

Fig. 1 shows a conventional DFB type semiconductor laser 
element. Laminated on a substrate 1 composed of n + -InP are a 
lower clad layer 2 composed of n-InP, a lower guide layer 3, an 
activated layer 4, and an upper guide layer 5, which are composed 
of InGaAsP having different compositions . Further above the 
upper guide layer 5 is an upper clad layer 6 composed of p-InP 
partly having a ridge. Provided on flat portions on both sides 
of the upper clad layer 6 is a grating layer 6a and provided on 
top of the ridge is a contact layer 7 composed of InGaAsP. 
Arranged on the grating layer 6a is an inorganic protective layer 
8 composed of a silicon compound such as water glass. 
Also, electrodes 20, 21 are formed on the contact layer 7 and on 
an underside of the substrate 1 . 

With conventional DFB type semiconductor laser devices, a 
ridge is formed to confine a generated light in a three 



dimensional space. However, a process of forming such a ridge, 
and a process of forming a window, which is required for an 
electrode to be provided on the top of the ridge, with high 
accuracy while aligning it , are extremely complicated and 
responsible for an increased cost . 

The present invention has been developed in view of the 
above-described problem, and is aimed at providing a DFB type 
semiconductor laser device, which can be readily manufactured 
without any complicated process , and also provides a method of 
manufacturing the same. 
4a A DFB type semiconductor laser device according to the 

g1| present invention comprises a laser substrate, a grating layer, 

ru 

rv] an insulating layer and an electrode layer, which are laminated 

J{ in this order, the insulating layer including a through groove or 

i v grooves extending to the grating layer in a direction, along 

'?' h which a resonator of the laser device is formed, and the 

^•'1 electrode layer contacting the grating layer and the clad layer. 

£) Also, a method of manufacturing a DFB type semiconductor 

laser device, according to the present invention, comprises the 
steps of forming a laser substrate including at least a waveguide 
layer and a clad layer, forming a grating layer on the top surface 
of the laser substrate; forming an insulating layer having a 
through groove or grooves extending to the grating layer in a 
direction, along which a resonator of the laser device is formed, 
forming an electrode layer made of a high refractive material on 
the insulating layer, and forming a further electrode layer on 
the bottom surface of the laser substrate. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a conventional DFB type 
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semiconductor laser device. 

Fig. 2 is a perspective view showing a DFB type semiconductor 
laser device according to the present invention. 

Fig. 3 is a perspective view showing a laser substrate in a 
process of forming a grating layer in the manufacturing method 
according to the present invention. 

Fig. 4 is a perspective view showing a substrate in the 
state in which the grating layer has been formed, in the 
manufacturing method according to the present invention . 

Fig. 5 is a perspective view showing a laser substrate in a 
Jj process of forming through grooves on an insulating layer, in the 

manufacturing method according to the present invention. 

l Jj* Fig. 6 is a perspective view showing a laser substrate in 

. m 

"*f the state in which the through grooves are formed on the 

\M 

^ insulating layer, in the manufacturing method according to the 

Q 

k a present invention. 

b' 

hj Fig. 7 is a perspective view showing a laser substrate in 

B 

**% the state in which electrodes are vapor deposited, in the 

manufacturing method according to the present invention. 

Fig. 8 is a perspective view showing a process of obtaining 
a finished semiconductor laser device by subdividing a bulk, in 
which a grating layer, an insulating layer and an electrode layer 
are laminated on the laser substrate, in the manufacturing 
method according to the present invention. 

Fig. 9 is a view showing the power distribution of a 
semiconductor laser device according to the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 
below with reference to Figs. 2 to 8. 
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As shown in Fig. 2, a lower clad layer 2 composed of n-InP, a 
lower guide layer 3, an activated layer 4, and an upper guide 
layer 5 , which are composed of InGaAsP having different 
compositions (these three layers are hereinafter collectively 
referred to as a waveguide layer) , and an upper clad layer 6 
composed of p-InP are laminated in this order on a substrate 1 
composed of n + -InP. 

A contact layer 7 composed of InGaAs is formed to provide a 
grating layer 7a on the upper clad layer 6 . The grating layer 7a 
is constructed such that a plurality of ridges having a 
substantially rectangular- shaped cross -section are aligned 

-J* 

J* periodically or, in other words, at spaced intervals to a 

ItJ direction in which a laser resonator is formed. Here, a grating 

~r.i 

Oil may be formed on a part of the upper clad layer 6 to provide a 

3 grating contiguous to the contact layer 7 . 

P Further, two inorganic protective layers 8 composed of a 

!?! silicon compound such as water glass are formed in strips on the 

^ grating layer 7a to be parallel to the direction in which the 

resonator is formed. The inorganic protective layers 8 include 
through grooves leading to the grating layer 7a. 

Further, a p-side electrode layer 20 composed of a metal, 
such as Ti and Cr, having a high refractive index, is provided on 
the inorganic protective layers 8 and on the grating layer 7a in 
the through groove region of the inorganic protective layers 8. 
A metallic material, composing the electrode layer 20, enters 
the through groove region through the grating layer 7a, so that 
the portion of the electrode layer 20 contacts the upper clad 
layer 6. Also, an n-side electrode layer 21 is formed on the 
bottom surface of the substrate 1. 
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With such an arrangement, the light generated in the 
waveguide layer is confined by the electrode layer 20, which 
contacts the upper clad layer 6 and has a high refractive index. 
Therefore, the upper clad layer 6 must have such a thickness that 
the light generated in the waveguide layer can interact with the 
electrode layer 20, with the upper clad layer 6 therebetween. 
Therefore , such a thickness is preferably 0.5 jumor less . 

An explanation will be given hereinafter of the method of 
manufacturing a semiconductor laser device, according to the 
present invention, 
jlj As shown in Figs. 3 and 4, a wafer made of an InP crystal 

4: substrate having the face orientation (l 0 o) is prepared. After 

Oil 

j the surfaces of the wafer is cleaned by chemical etching, the 

Q 

k il epitaxial growth method, the liquid phase growth method, the 

4) 

3 organic metal vapor growth method, the molecular beam growth 

Q 

method or the like is used to form the SCH (Separate Confinement 

Li 

iti Hetero- structure) activated layer region, the clad layer, the 

2S contact layer and so on . 

For example, the lower clad layer 2 composed of n-InP is 
formed to provide a film, having an optional thickness, on the 
surface (l 0 o) of the n + -InP substrate 1. The lower guide layer 
3, the activated layer 4 and the upper guide layer 5, which are 
composed of Ini-xGaxAsi-yPy having different compositions, are 
formed on the lower clad layer to provide a film having a total 
thickness of 0.2 /^m. 

Further, the upper clad layer 6 composed of p-InP is formed 
to provide a film. As described above, the upper clad layer 6 
must have such a thickness that the light generated in the 
waveguide layer interacts with the electrode layer 20, which is 
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on the upper clad layer 6 and has a high refractive index. 
Therefore, such a thickness is preferably 0.5 junior less. 

Further, the contact layer 7 composed of p-InGaAsP or 
p + -InGaAs is formed to provide a film on the upper clad layer 6, 
thus forming a multilayer structured substrate having a laser 
construction . 

Further, a protective film 11 composed of Si02 is formed on 
the multilayer structured substrate. The protective film 11 is 
useful in preventing P desorption in the multilayer structured 
substrate and as an etching mask. Also, the protective film 11 
is useful in obtaining a uniform film of a high resolution EB 



j: resist, which needs high temperature baking in the next process. 

jtj Subsequently, an EB draughting resist is coated on the 

M 

-ip protective film 11, and then baked to form a resist layer 12. 

Here, EB draughting is performed in a cycle conformed to the 
laser oscillation wave length with lines along the direction [o 1 
l] of the crystal orientation of the substrate 1, thus forming a 
latent image of a grating having a periodic construction, which 
changes in a cycle A, on the resist layer 12 in the direction [o 
-1 l] of the substrate 1. 

Generally, a ridge constraction in a DFB type semiconductor 
laser has a ridge which is provided at periodic or given 
intervals in a cycle A in a direction in which laser light is 
transmitted. Therefore, the refractive index also changes 
periodically and the reflectance increases in a wave length, in 
which light reflected periodically coincides in phase (Bragg 
reflection) , so that laser oscillation is generated. 
Accordingly, an oscillating wave length of a DFB type 
semiconductor laser is determined by a cycle A of a periodic 
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construction, so that a single longitudinal mode can be 
generally obtained in a condition in which A = m A / In is 
satisfied. Here, m indicates an integer, A an oscillating wave 
length in vacuum, and n is an effective refractive index of a 
laser medium. With respect to the laser, the cycle A is 
determined taking into account refractive indexes, film 
thicknesses and aspect ratios of the activated layer 4, the lower 
clad layers 2 and 6, a reflection coefficient of a resonator (a 
cleavage plane) , and an optically coupling factor in a 
transverse direction. 

A process of forming the grating layer 7a comprises 
transferring a grating of the resist layer 12 onto the SiCh 
protective film 11 by means of CF4 dry etching, and performing CI2 
dry etching on the contact layer 7 composed of p + -InGaAs to form 
the grating layer 7a having a substantially rectangular- shaped 
cross section. 

Further, the protective film 11 is removed. Electron beam 
lithography as well as photolithography may be used to form the 
grating layer 7a. , 

Subsequently, as shown in Figs. 5 and 6, a silicon compound 
or the like is coated on /the grating layer 7a and cured to form 
the inorganic protective layers 8. Further, a resist mask 13 
composed of Si02 , Tio/ and so on is applied on the protective 
layers to leave gaps An a strip shape in the direction [Oil] of 
the InP crystal substrate 1. The gaps define a transverse width 
of the through grooves, which is associated in confining the 
light, generated in the waveguide layer, in the transverse 
direction. After the inorganic protective layers 8 are 
subjected to e/ching until the surf ace of the grating layer 7a is 



• • 

exposed, the resist mask 13 /is removed to thereby form the 
through grooves on the inorganic protective layers 8 . 

Subsequently, as shown in Fig. 7, the p-side electrode 
layer 20 composed of Ti/Au having a high refractive index is 
vapor deposited on the inorganic protective layer 8 and the 
grating layer 7a. Further, the bottom surface of the substrate 1 
opposite to the surface thereof, on which the waveguide layer and 
the like are formed is polished and the n-side electrode layer 21 
composed of Ti/Au is vapor deposited on the bottom surface to 
provide a bulk. 

Q 

j«j Subsequently, as shown in Fig. 8, scribe lines 14 having a 

Jjt length corresponding to the laser wave length are marked on an 

tt? end of the bulk thus formed in the above described manner , and the 

bulk is subdivided into bar- shaped bodies 15 with the scribe 
^ lines 14 as origins. Further, AR coating and HR coating are 

h= applied on end surfaces 16, 17 of the bar- shaped bodies extending 

yj in a direction in which a resonator is defined and the bar- shaped 

Ci 

ft bodies thus coated are cleaved to provide DFB type semiconductor 

laser devices 18 . 

Fig. 9 is a view showing a power distribution of a 
semiconductor laser device thus obtained in the direction in 
which the resonator is formed. In the drawing, a center of the 
waveguide layer is taken as an origin. Also, thicknesses of the 
upper clad layer 6, the contact layer 7 and the inorganic 
protective layers 8 and a transverse width of the through grooves 
are 0.4 jum, 0.05 A*m, 0.5 vm and 4 /im, respectively. It is 
found that the laser light generated is confined in lower 
portions of the through groove region on the insulating layer in 
a three dimensional fashion. 
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The present invention can attain confinement of generated 
light in the three dimensional fashion without the formation of 
any ridge. Therefore, production efficiency is enhanced 
because any complicated process or the like for formation of such 
a ridge is not needed. 



